Abstract. Fossil fuel combustion leads to acidic pollutants, like SO 2 , NO x , HCl emission. Different control technologies are proposed however, the most popular method is combination of wet FGD (flue gas desulfurization) and SCR (selective catalytic reduction). First, using lime or limestone slurry leads to SO 2 capture, and gypsum is a product. The second process where ammonia is used as reagent and nitrogen oxides are reduced over catalyst surface to gaseous nitrogen removes NOx. New advanced method using electron accelerators for simultaneous SO 2 and NO x removal has been developed in Japan, the USA, Germany and Poland. Both pollutants are removed with high efficiency and byproduct can be applied as fertilizer. Two industrial plants have been already constructed. One in China and second in Poland, third one is under construction in Japan. Information on the Polish plant is presented in the paper. Plant has been constructed at Power Station Pomorzany, Szczecin (Dolna Odra Electropower Stations Group) and treats flue gases from two Benson boilers 60 MW e and 100 MW th each. Flow rate of the flue gas stream is equal to 270 000 Nm 3 /h. Four transformer accelerators, 700 keV electron energy and 260 kW beam power each were applied. With its 1.05 MW total beam power installed it is a biggest radiation facility over the world, nowadays. Description of the plant and results obtained has been presented in the paper.
INTRODUCTION
High emission of SO 2 and NO x in the process of fossil fuel combustion creates a major world environmental problem. Poland, which uses for energy production mainly pit and brown coal, produces these pollutants as well. 1/2 of SO 2 and 1/3 heat and electricity generating boilers contribute NOx pollution. The biggest sources of pollution are located in south west side of Poland and are connected with industrial centers but over 45% of the total SO 2 and 69% of NO x pollutants distributed over polish territory come from external sources.
The laboratory facility for flue gas treatment radiation technology was organized in Institute of Nuclear Chemistry and Technology at Warsaw at the end of 80-ties. Soon after the pilot plant for flue gas treatment with electron beam has been installed at Power Plant Kaweczyn near Warsaw. The flow capacity trough those installations was respectively 400 and 20000 Nm 3 /h. Three new elements have been introduced to the construction of the radiation chamber in Polish pilot installation. Those are: cascade double stage irradiation, longitudinal irradiation, (beam scanned along the chamber axis) and the air blow under the chamber window with the purpose to create air curtain separating the window from the flue gases causing corrosion.
Three different systems for filtration aid has been constructed and tested: bag filter, gravel bead filter and electrostatic precipitator. The pilot plant installation was used to establish the optimal parameters of industrial facility: -optimizing of the process parameters leading to reduction of energy with high efficiency of SO 2 and NO x removal; -selecting and testing filter devices and filtration process; -evaluation of the agricultural suitability of byproduct obtained during the electron beam process of SO 2 and NO x removal, -developing of the monitoring and control systems at industrial plant for flue gas cleaning, -preparation of the design for industrial scale facility.
The tests performed in the laboratory installations and the pilot plant resulted in the preparation of the industrial plant design. All the technical and economical analyses prove the advantages of this technology over present day conventional technologies.
INDUSTRIAL DEMONSTRATION FACILITY
The positive results of the tests performed on laboratory and pilot installation in Poland [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] has lead to decision concerning design and construction of the industrial demonstration plant for electron beam flue gas treatment. Industrial demonstration facility for electron beam flue gas treatment was designed and installed in EPS Pomorzany in Szczecin. This flue gas purification installation ( Fig. 1 ) treats exhaust gases coming from a block which consists of two Benson type boilers of power 60 MW e each, supplying additional steam for heating purposes up to 100 MW th each. The 270 000 Nm 3 /h flue gases (half of produced by the blocks) is treated meet Polish regulations which are imposed since 1997. Four electron accelerators has been constructed by Nissin High Voltage, Kyoto, Japan to provide 1050 kW of total beam power with nominal electron energy 0,7 MeV to be installed in EPS Pomorzany. Two-stage irradiation was applied as it was tested at the pilot plant. The industrial installation located at EPS Pomorzany consist of two independent reaction chambers, humidification tower with water and steam supply systems, ammonia water handling system with ammonia injection, electrostatic precipitator, by product handling system, measuring and control systems.
The flue gas can be humidified over 10% by volume in a dry bottom spray cooler. Ammonia is then injected before two parallel irradiation vessels. Longitudinal gas irradiation was applied (Kaweczyn pilot plant's solution). Formed aerosols are collected in dry ESP with a flat heated bottom furnished with a scraping device. Solid particles which are formed as salts are separated in ESP and byproduct pretreated in handling system with amount up to 700 kg/h. The Pomorzany flue gas treatment installation has been designed for the station rated output reached after a retrofit of the plant. High concentration of NO x and medium content of SO 2 in flue gas emitted from Benson boilers establish the specific conditions for flue gas treatment. The parameters of e-b process are chosen so as to guarantee efficiency of removal of NO x up to 70% and over 90% SO 2 in continuous operation of the installation (Fig. 2) . All systems including accelerators were tested separately to meet EPS regulations (72 h continuos run) and confirm producer warranted parameters and facility design specification. Some necessary modifications including accelerators were introduced by equipment producers depends on obtained results of performed measurements. The quality of shielding properties of accelerator chamber walls was tested according to national regulation and the license on accelerator exploitation and personnel qualification were issued by polish authorities.
The spatial dose distribution and dose rate measurement were carried on with electron energy 700. Results have shown that the construction solution of the reaction chamber (irradiation with scanning along the chamber axis and protective air curtain under the window to introduce the electron beam into the reaction chamber) approve themselves under industrial conditions. Calibration procedures of analytical equipment were applied to test instruments and obtain reliable data regarding facility running parameters. Experimental data obtained during preliminary exploitation show good agreement with results of theoretical calculations and performed pilot plant experiments. The removal effectiveness depends on process parameters (reaction vessel temperature, flue gas humidity and ammonia stoichiometry) is illustrated on Fig. 3-5 .
The primary task of preliminary exploitation is related to facility and separate systems optimization in respect to pollutants removal efficiency, energy consumption, byproduct filtration efficiency, by-product handling system perfection, accelerator testing and improvement control systems perfection. The details procedures regarding facility operation were established to achieve smooth facility exploitation under typical conditions related to EPS service. The successful implementation of this technology in EPS Pomorzany may led to decisions concerning designing and construction other flue gas treatment facilities to solve environmental problems in Poland. 
FINAL REMARKS
The results of the industrial facility preliminary exploitation indicate that: -SO 2 and NO x desired pollutants removal efficiency from the flue gas can be obtained under certain conditions like sufficient humidity, suitable flue gas temperature, dose rate and ammonia stoichiometry, -depends on local conditions SO 2 or NO x removal can be optimized to achieve primary goals of the installation, -good reliability of the accelerators is the crucial for smooth exploitation of the facility, -by-product quality may be influenced by coal and water quality used in the process.
